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Abstract

Introduction: We compared Valsalva leak point pressure (VLPP) in
urodynamically proven stress urinary incontinence (SUI) in women
at different bladder volumes; examined the relationship between
VLPP and cough-induced leak point pressure (CLPP) compared
by incontinence severity; and evaluated the influence of bladder
volume on each leak point pressure (LPP).

Methods: Women with urodynamically proven SUI who under-
went serial VLPP and CLPP measurement at bladder volumes of
150, 200, 250, and 300 mL were included in this study (n=228).
LPP determination was repeated two times in each subject after
finishing one series of LPP measurement. LPP at different bladder
volumes was compared by subjective symptom severity of Stamey

grade.
Results: Patients mean age was 51.3+7.6 years (range: 40—65
years). Stamey grade |, II, and Il was assigned to 68 (29.8%),

102 (44.7%), and 58 (25.4%) patients, respectively. Mean CLPP
was higher than VLPP (p=0.002) at every bladder volume. VLPP
and CLPP were significantly decreased by the increase of bladder
volume (p=0.001). The mean first positive LPPs were significantly
lower at higher Stamey grade (p=0.004).

Conclusions: LPP is more frequently induced by cough than by the
Valsalva maneuver. VLPP and CLPP decreased significantly with
bladder filling and those with severe symptoms of SUI are more
likely to have low LPP.

Introduction

VLPP is defined by the International Continence Society as
an intravesical pressure that exceeds the continence mecha-
nism, and which results in a leakage of urine in the absence
of a detrusor contraction.! LPP has been recognized as a tool
for determining the severity of stress incontinence, the effec-
tiveness of therapy, and the presence of intrinsic sphincter
deficiency (ISD), which is clinically important, especially

before determining the surgical correction of SUL.?? The use
of VLPP has been suggested when diagnosing type Il SUI
and it's been reported that 76% of women with type 11l SUI
showed VLPP value <60 cm H,O; women with a VLPP >90
cm H,O had type Il SUl in the study.*

However, VLPP measurement is still controversial, and
the VLPP value can be affected by various factors, such as
bladder volume, catheter insertion, catheter size, patient
position, and pelvic organ prolapsed.>® Although the mea-
surement of LPP has not been standardized, many clinicians
use this technique to test for SUI.

Cough-induced LPP (CLPP) is another way to test for
stress incontinence, especially when the measurement of
VLPP is impossible because not enough pressure can be
produced from the Valsalva maneuver. McGuire et al sug-
gested measuring VLPP first and then switching to CLPP
when the VLPP is negative.’ It has been reported that CLPP
is significantly higher than VLPP in the same women.> Kuo
reported in a videourodynamic comparison study between
VLPP and CLPP that a lower LPP was observed, measured
by VLPP rather than by CLPP to diagnose ISD. The author
determined a significant inverse correlation between the
severity of incontinence and VLPP, and showed that CLPP
was higher than VLPP in the majority (87.1%) of the 116
women with SUL.*

The volume in the bladder should not affect the VLPP
as long as the detrusor pressure is kept at a level that does
not affect the urethra. However, progressive lowering of
the VLPP measurement in the same subject when the blad-
der volume increases has been reported in some studies.®™
Since there has not been a standardized protocol devel-
oped for performance of this test, discrepancy of the value
is inevitable. Only a few recently reported data regarding
the measurement of this value are available.*1"2

The purpose of this study was to compare the VLPP and
CLPP in urodynamically proven SUI women at different
bladder volumes to evaluate whether the bladder volume
can affect the LPP, to examine the relationship between
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VLPP and CLPP, and to determine if LPP would be changed
by the incontinence severity to evaluate whether the bladder
volume can affect the LPP.

Methods

Subjects and the study design

A total of 228 women with urodynamically proven SUI who
underwent serial VLPP and CLPP measurements at bladder
volumes of 150, 200, 250, and 300 mL between January
2009 and December 2011 were included in this study. The
LPP determination was repeated two times in each sub-
ject after finishing one series of LPP measurements. LPPs
determined at the different bladder volumes were compared
by the Stamey grade of subjective symptoms severity.' All
patients underwent urological evaluation before treatment,
including a comprehensive medical history, physical and
neurologic examinations, and urine analysis. The examiner
was a very experienced specialist in urology. This study
received approval from the local ethics committee. The pro-
cedure for this study complied with the guidelines provided
by the Declaration of Helsinki.

Exclusion criteria

Patients were excluded from this analysis according to the
following criteria: history of urinary retention with residual
urine over 200 ml/sec; active urinary tract infections and
other urologic disease or drug treatment that could have an
impact on bladder function and urethral function; patients
using alpha-adrenergic receptor agonists or antagonists;
patients who had any possible cause of neurogenic bladder;
patients who had severe urogenital prolapse (Pelvic Organ
Prolapse Quantification stages, 2—4)" and had a history of
anti-incontinence surgery or other surgeries that can influ-
ence urinary stream; and patients with detrusor overactivity
on filling cystometry.

Urodynamic study

Multichannel urodynamic evaluation according to the
standards of the International Continence Society was per-
formed.’> Measurement of VLPP was performed with the
patient in lithotomy position on an urodynamic table. A
compact urodynamic device (Dantec, Denmark) was used.
The pressure transducers, zeroed at atmospheric pressure,
were leveled at the upper edge of the symphysis pubis and
connected to the intravesical and rectal catheter. A three-
channel, fluid-filled 8 Fr urethral cystometry catheter was
used for every LPP measurement. Residual urine was evacu-
ated. Rectal pressure was measured with a water-filled 8 Fr

balloon catheter. The bladder was filled with body-temper-
ature saline at 50 mL/min. Serial VLPP and CLPP measure-
ments at bladder volumes of 150, 200, 250, and 300 mL
were included in the analysis. The diagnosis of SUI was
made if the subject had symptoms of stress incontinence
and direct visualization of urine leakage produced by stress
without concurrently demonstrable detrusor activity during
cystometry after the bladder was filled. Each measurement
was repeated two or three times and the lowest value was
selected for analysis.

Statistical analyses

SPSS version 17 for Windows (SPSS, Chicago, IL) was used
for statistical analyses. Data were expressed as mean =+
standard deviation (SDs) and the data were analyzed by
Chi-square test and repeated measure analysis of variance
was performed. A p value <0.05 was deemed statistically
significant.

Results

Patients mean age (years), mean parity, and body mass index
(BMI; kg/m?) was 51.3+7.6 (range, 40-65), 2.5+1.9, and
26.8+2.8, respectively. The main incontinence severity of
the subjects was Stamey grade Il in 102 (44.7%) of the sub-
jects, followed by Stamey grade | in 68 (29.8%), and Stamey
grade Il in 58 (25.4%).

The mean value of VLPP and CLPP according to the blad-
der volume, and LPP according to the Stamey grade are
shown in Tables 1 and 2. CLPP was higher than VLPP at
every bladder volume (p=0.001) (Table 1). VLPP and CLPP
were gradually decreased as the bladder volume increased
from 150 mL to 300 mL, and were inversely correlated with
bladder volume (p=0.001). Positive VLPP at the bladder vol-
ume of 150, 200, 250, and 300 mL were 76.58+17.51,
109.75+12.89, 73.3+16.96, and 103.28+15.63, respec-
tively. Positive CLPP values at the same respective bladder
volumes were 68.64+17.92, 98.29+20.30, 63.98+16.53,
and 93.94+17.70, respectively (Table 1).

Both the VLPP and CLPP measurements were affected
by Stamey grade. The mean first positive LPPs were signifi-
cantly lower with high Stamey grade (p=0.004) (Table 2).
The mean estimated VLPP in Stamey grade |, 1I, and Ill was
85.71+18.45,77.22+14.98, and 63.68+13.92, respectively.
The mean measured CLPP in Stamey grade I, I, and Ill was
121.83+9.92, 108.02+9.32, and 98.21+10.31, respectively.

Discussion

Presently, we evaluated the relationship between VLPP

and CLPP, and the change of LPP with different blad-
der volumes in SUl women. Mean CLPP was higher than
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Relationship between VLPP and CLPP in SUI

Table 1. Estimated leak point pressure by the increase of bladder filling volume
Bladder filling volume (mL)

p value
150 200 250 300
CLPP 109.75+12.89 103.28+15.63 98.29+20.30 93.94+17.70 ]
VLPP 76.58+17.51 73.3£16.96 68.64+17.92 63.98+16.53 =

VLPP: Valsalva leak point pressure (cmH20); CLPP: cough leak point pressure (cmH20); Data are presented as mean + SD.

VLPP, and LPP measurement was gradually decreased as
the bladder volume increased, which showed the inverse
correlation between them. Furthermore, both VLPP and
CLPP measurements were affected by symptom severity of
SUI. The mean first positive LPP was significantly lower at
high Stamey grade. These results suggest that the urinary
continence system responds differently to coughing or the
Valsalva maneuver because the increased intra-abdominal
pressure is higher during coughing than Valsalva. The results
of this study also imply that LPP should be checked at the
same bladder volume when comparing or predicting the
disease entity of patients with SUI with varying degrees of
SUI symptoms. This study also shows that basal symptom
severity is representative of VLPP and CLPP; we confirmed
previous reports that have shown strong correlation between
the subjective symptom grade and LPP in these patients.**'°

McGuire et al introduced the concept of type IlI inconti-
nence, the most severe form of incontinence of ISD." They
noted that some patients show repeated failure from the
retropubic suspension surgery for the correction of SUI and
described that patients with failed surgery had a deficient
urethral sphincter function characterized by open bladder
neck and proximal urethra at rest with minimal or no ure-
thral movement during increased intra-abdominal pressure.'®
It has been considered that surgical procedures for the cor-
rection of SUI with ISD component have a somewhat high
incidence of failure rate because of the underlying problem
of severe urethral dysfunction. In the setting of the urologic
clinic, whether the patient with SUI has ISD or not is an
important clinical factor, especially before making a surgi-
cal decision, because it can change the operative outcome.
Although subjective parameters are important in the diag-
nosis of ISD, clinicians want to find objective parameters
to quantify urethral sphincter function and diagnose ISD. A
uniform definition of ISD is presently lacking and tests used
to diagnose ISD include low VLPP.

VLPP measurement offers an objective means of assess-
ing urethral function and incontinence, which is the intra-
abdominal pressure that can overcome urethral resistance
and cause urine leakage."” VLPP has been considered as a
procedure to determine the severity of symptoms of SUI,
the effectiveness of certain types of management, and the
diagnosis of ISD component in SUI women."”

CLPP can also be used to test for SUI when the measure-
ment of VLPP is impossible. McGuire et al suggested that
diagnosis of ISD using LPP could be changed by the test
condition, including provocation maneuver.’ They report-
ed the different incidence rate of I1SD by coughing or the
Valsalva maneuver-induced LPP measurement, showing that
16.9% of women would be diagnosed with ISD measured by
CLPP, but 35.6% of them would be diagnosed with ISD by
VLPP when diagnosing ISD using LPP <65 cm H,O.? Bump
et al reported significantly higher CLPP than VLPP in SUI
women.'® One may hypothesize that an involuntary contrac-
tion of the suburethral tissue occurs during vigorous cough-
ing."” During coughing, involuntary isotonic or isometric
contraction of the pelvic floor muscle might counteract the
force of the suburethral tissue.?’ The authors explained that
CLPP represents the intra-abdominal pressure that exceeds
the intrinsic urethral resistance plus the suburethral tissue
contraction pressure during coughing, and that a greater
CLPP than VLPP means the presence of a sufficient contrac-
tion of the pelvic and suburethral tissues during coughing.
A recent study investigated the relationship between VLPP
and CLPP in women with SUI, and reported good correla-
tion between these parameters and SUI; CLPP was greater
than VLPP in 87.1% of the subjects and equaled the VLPP
in 12.9% of the subjects.*

However, it has been reported that LPP decreases with
increasing vesical volume.” The progressive lowering of
VLPP in the same patients as the bladder volume increased
has been reported in urodynamic studies.®'® McLennan et

Table 2. Comparison of the estimated leak point pressure by increasing bladder filling volume and Stamey grade

CLPP VLPP
Stamey grade Bladder filling volume (mL) Bladder filling volume (mL)
150 200 250 300 150 200 250 300
| 121.83+9.92 112.15+14.91 110.58+20.73 103.21+17.65 85.71+18.45 81.83+18.46 78.08+20.24  70.96+17.47
Il 108.02+9.32  103.95+12.21 98.02+16.37 93.97+14.72 77.22+14.98 73.17+13.92  68.63+14.93 64.46+14.80
11 98.21+£10.31 90.68+15.45 83.37+17.87 82.16+17.57 63.68+13.92 61.63+14.85 56.74+13.95 54.16+14.74

VLPP: Valsalva leak point pressure (cmH20); CLPP: cough leak point pressure (cmH20); Data are presented as mean + SD.
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al prospectively analyzed patients with SUI; LPP was mea-
sured at bladder volumes of 150 mL and 200 mL to evaluate
the usefulness of LPP measurement at the larger bladder
volume." They showed that the addition of LPP at the 200
mL bladder volume resulted in a 50% increase in the detec-
tion rate of ISD. Furthermore, a number of patients with no
evidence of leakage at 150 mL had a positive LPP at 200
mL. A strong correlation has been reported between the
subjective degree of SUI and LPP.>" In the present study,
we confirmed the previous report that the symptom grade
of SUI correlates well with LPP.

Other factors that can affect LPP include the presence of
a catheter itself, as well as catheter size.?? Observer effect —
the inability to demonstrate the leakage of urine in the pres-
ence of study personnel — is considered another factor.?
Bump et al recommended not to judge the urethral function
as ISD by the mere application of LPP measurement.'® They
suggested 1SD should be diagnosed with not only LPP, but
also with patient history, as well as urodynamic, anatomic,
and clinical factors in SUI women. It appears that a practical
guideline, including the aforementioned factors, is necessary
and standardization of this technique is needed before it is
widely used in clinical setting.

This study differs from previous studies in that the LPP was
measured with four different bladder volumes in an attempt
to improve the precision of the LPP test in each subject.
Additional measurements in the same patient may increase
the detection rate of SUI when the patient does not generate
sufficient Valsalva at the first test and thereby falls into the
false negative group. This study could support the previous
reports concerning the variability of LPP by bladder volume
and relationship between VLPP and CLPP. In the evaluation
of continence system in SUl women, measurement of LPP
should be carried out with careful attention to these factors
that can affect the value.

As a limitation, we could not measure the correlation
between age and VLPP or CLPP in this study. Measurement
of maximal urethral closure pressure and its correlation with
LPP could give additional information regarding the estima-
tion of urethral function in SUI women. Another limitation
of this study is that the number of patients included was
relatively small.

Conclusion

LPP induced by cough occurs more frequently than by
Valsalva. Both VLPP and CLPP are decreased significantly
with bladder filling in women with SUI, and women with
severe symptoms of SUI are more likely to have low LPP.
This study implies that wide variabilities of LPP measurement
by different test environments should be considered when
determining urethral function in SUI women.
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